Evolution of nuchal glands, unusual defensive organs of Asian natricine snakes (Serpentes: Colubridae), inferred from a molecular phylogeny by Takeuchi, Hirohiko et al.
Ecology and Evolution. 2018;8:10219–10232.	 	 	 | 	10219www.ecolevol.org
 
Received:	10	November	2017  |  Revised:	22	June	2018  |  Accepted:	24	July	2018
DOI:	10.1002/ece3.4497
O R I G I N A L  R E S E A R C H
Evolution of nuchal glands, unusual defensive organs of Asian 
natricine snakes (Serpentes: Colubridae), inferred from a 
molecular phylogeny
Hirohiko Takeuchi1  | Alan H. Savitzky2 | Li Ding3 | Anslem de Silva4 | Indraneil Das5 |  
Tao Thien Nguyen6,7 | Tein-Shun Tsai8 | Teppei Jono3 | Guang-Xiang Zhu9 |  






















































on	 variations	 in	 partial	 sequences	 of	 Mt-	CYB,	 Cmos,	 and	 RAG1	 (total	 2,767	bp).	
Results	 show	 that	 all	 species	with	 nuchal	 glands	 belong	 to	 a	 single	 clade	 (NGC).	
Therefore,	we	infer	that	the	common	ancestor	of	this	clade	possessed	nuchal	glands	
with	 no	 independent	 origins	 of	 the	 glands	within	 the	members.	 Our	 results	 also	
imply	that	some	species	have	secondarily	lost	the	glands.	Given	the	estimated	diver-
gence	 time	 of	 related	 species,	 the	 ancestor	 of	 the	 nuchal	 gland	 clade	 emerged	
19.18	mya.	Our	study	shows	that	nuchal	glands	are	fruitful	subjects	for	exploring	the	
evolution	of	novel	organs.	In	addition,	our	analysis	indicates	that	reevaluation	of	the	
taxonomic	status	of	the	genera	Balanophis	and	Macropisthodon	is	required.	We	pro-
pose	to	assign	all	species	belonging	to	the	NGC	to	the	genus	Rhabdophis,	pending	
further	study.
